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mm 2 0 0 4 - 0 1 5 8 8 2 ^- v : 1/ 

[flfjfcg 1 ] 

1 m 3 _ iC^^tL^m^tt^^co^-lt^^m^O . 5 mm o 1 mT^&£#gI^-^m^ 

-7^-7^ **mmimiYM-t mmm^um x n 3 0 0 tug^auejju:*) 

^Bt^^^O. 5mmo 1 J^T^&^H^^lr^fl^-fe v 3 * ^omitffl&J 

vmim 3 ] 

l m 3 ^ K^tfL^mit^if^ o^m^e^m^ o . 5 mm o 1 &T-e*£#B*tf-e*®Hfc 

->#*MLT £ # & Ig £ ^- tr £ t £ Wffl. t ir 2, WWLfcm -tr 7 ^ y ^ J* 
[If ^ 4 ] 

t fci±¥&m7umtm~<D7um<Dnikmfrb%zm-2 0. 1-10 o^moiw^f 

[If 5 ] 

frt£Z^i1r&? 9 y^xh^x, mmftf&*mi-&? 9 y ? ZK^teW*)&<o?z%-tfc*m 

&tz33\,*X, #^^ai^^X^(|^l (nm) RZPw ( n m) £L 
7t t # w^2 0 nmWt^ 1? 1*»5 0 0 nmMlT^lJlOw/ 1 ^0. 0 2 m_h 

izjf& L%^z\t *<wwl t-?& m&m 4 iztm^mm mmmm zm-r&zmttm-t ? $ 
m-sm 6 ] 

[|f« 7 ] 

warn 8] 

mmM2i l zmm^'^xmm^^mmKm^mm^^i-^$mit , ^^y^ y?*m&®- 

o 

[I»*TJ 9 ] 

i»« 3 Kmm(Djj>&x~mm $ tiz^wntw* ^^m^o 
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^-v: 1/ 



[0 0 0 1 ] 

[0 0 0 2] 
[0 0 0 3 ] 

[0 0 0 4 ] 

mffXW. 1 1 «FM¥ 1 0 - 1 5 2 3 8 4 -f-^sft 

mwrxM 2 ] 6-116071 -w&m. 
mwxm 3 ] #h§hs 6 2 - 1 2 3 0 7 1 -wmi 
imwjcm 4 1 #pibs e 2 - 2 5 2 3 8 8 

y-^A^ny-fVy^, 1 9 8 5^, |4 0t, p. 399-404 (Petra Klug 
e-Weiss and Jens Gobrecht, " DIRECTRY BONDED COPPER METALLIZATION OF A1N SUB 
STRATES FOR POWER HYBRIDS", Materials Research Society, Symp. Proc. , vol.40, 
p. 399-404, 1985) 

mmtm®: ^x^t-r^ mm] 

[0 0 0 5] 
[0 0 0 6] 

m £ * r m-ft: =ht & o ^ k a > _tiB l ± ? & 9 <y ? 9 <D%!k * mm -c § . 
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#12 0 0 4 -0 1 5 8 8 2 : 2/ 



•o 7t 0 

[0 0 0 7] 

[0 0 0 8] 

•cab*), ±.Wt<D?7yx\±mM^nm 080 «^fc»M5fr*HwJ:*ScSJ*s (%) R 
Zfg-iML^f-yKMB-f&Um (K) Ho-c*!), T^<a^9 7^«:jftttteB#W (#) 

J)«3e*tLfe|&»JI*^DTA (AE/mV) X.&&m.'*9 
-^KHB-pZUm (K) Uot^o Hl^S^J:^^ MltT < -V 
iLLTV>< t (III) . mm.fr h l lOOt ( 1 3 7 3 K) £Xi±, Hft**H»i" *#»t 

[0 0 0 9] 
[0 0 10] 

(degas) ^S*LT^feje*ttl£^®tt« P ^**AL-Cln«t«:BI«&*t*ifcJ= 

Ik^Ji i:ov> -cm L itria l J: 3 ftfc v>fc v> 
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3/ 



-?> o 

g JS{? ° i— 05^^14, 1 m 3 IZ^tn&nik&ftX <D^t\^ ^ W 0 . 5 mm o 1 M 

I 0 0 1 3 1 
[0 0 14] 

fcv»?) *, 1 m 3 tL2>mk&tfxe>&tir*n'&if s o. 5mmoim^Sf| 

y * *B>> ») -fro fca-ttj&WO * 57^-^ S.tWiW*' *©i*iE©3*teja S 
*1 (nm) Rtfw (nm) fcLft^H, wrt s 2 0 n mJELfC* «5 5 0 0 n mil 

f|,f)IOw/l!i s 0. 0 2£l±fc4^^77^^7 f^tfS7>«*tt^^777 

* t5*\ 7^147?* i+» tL^lftttf^ <Z>-fr*Hft8£:** 0. 5 mm o 1 /m (0. 00 
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112vol. 96) ZMx-ZWi&Kl*, 81^1^*^*55 yn^flfiff 

Bfc^&tfitoK&^tfSfeKli 0 . 1 ram o 1 /m 3 £1T\ #^ 0.01 mm o 1 /m 3 & 
[0 0 15] 

a% fc ft * WWtiWoty 5 * * * frbWtft $ oa^i**Sni** tL/s fc^Jo $1 

1 * *» * * »ift • Umir 2> is v> T & , ^ a6 7-V - ^ X (de 

gas) &3fcfi l fcfcfcV»$fre-fctt#ffi • MSl^fi^»i^7 5 y **tf>e>Hfe*** 

#x^^i--S-^^i *)mmirZ>z.ti)^£2> 0 ft£, ^l^'is^T, aiS^Lt 
5 y ^^©SK^? 15 « < ft ^ &^IWti#H««lI»*m*fctrft 3 &5 
lifcv***, 4>ft < t 7?-; ^©fiS# 1 0 0 *CJJLh, iWt L<S2 0 0 

[0 0 16] N , 

g^-J^iM-b^?"^^, ^y;V3- 

ib&*©«tt#*'ttffl , f-s ^ 5&*£F*t?* * o 

[0017] 

[0018] ia7s:; 

Uv\ Z<D£d tzm'S.b UliSi0 2 , MgO, CaO, B2O3. L 1 2 0#?r^ 
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[0 0 19] 

miS^S-fe 7?7nHm 3 \z<&* ti&Wltt&tfX <D&tf^ 0 . 5 mm o 1 

T^^fe^V-^^ (degas) ftfc3*fT**>fcvMfr&fc»±#«- M^lM^^M^ 

5^^^^?, Bfc**>fc3K*ca*ifea $ tta ^ * , a# {±±fa&# * M^.-r s £ t & e § a 

v>„ Z<Dt:»b, r^-lfX (degas) K^o»^^9 9. 9 9 9 %1U 
. «t 5 L< (± 9 9.9 9 9 9 %m_h, fWtL<li9 9. 9 9 9 9 5 %&±<DmM 

|*I<Dj±tl£1ttc 1 0 0 P aJJJLT. jf4L<»40P a£lT\ f^fiK t± 2 0 P a^T 
Offit)^«oTj]D^i-^o^ig-e^^ 0 (degas) JllW^ftlt 

f Ltv^f Klift^t: 3 *rc v» a # * * JKMI £ « - ^rtnr £ & * ft # 

**»sre**o Bi^B#«o«J±* (^rt^ffi*) tt#fcR&5£3*Lfc^^ 1 0 0 P a&T\ 
§C20P aEim^«t*^ 1 P a^Ttt^C^f tv^ 0 
[0 0 2 0] 

WUt Lv>tf*, < t 5 7 **©BMfclH$&M£J: ^ 3 0 0 TC^aS^-ira 

nmM\~mm^tttg-umm<Dmm, wxifio-so l < t± 3 0 ~ 5 0 °c 

^4^-y^x.^-^4< MsRjsSHis&aae * -t?#ai- * - 1 ^it^s o »a 
5 y ^^m^w^a^i 19 3 0 ot^gx.tMst*sM, m<t 

aKfc#a«fc*fctt#ia»**afc< t^ittLjf^tj-r^ -j^^wm- 

#fcft*fc»ftKJS#ll&£ft*aK**l*U Rl5E*JTfcBfe**H$<;"C 
f^l* ?5^^*1-100 *C/fl\ &* U < ii 7 5 t/^0#S«StllPiL/; 
i, t^i*5 5 y ^^m^fbRt&WISI^KJ (critical) ^|g<bi-aa^*v^ 0 tt&fbNI 

^ - 1 36*-c § & o #0 £ if rn.it r ;v ^ - * a o^c^;i±T k # »t * aft-f kHi&afl? »± * 
m i ^stL*^- iioo ic-e&So 

[0 0 2 1 ] iL 

0 . 5 mm o 1 aTt^^Wt«I*5 5 ^^«FlWi <9 3 0 0 

v*aKJSi±oaK»winJ»5*tfe*^a*9 5 fcssjtt**^:^ si^m 

•te 9 V y * .* <& a* * * - * - U 5&*Br 5e © ajK CIlftiktOT^ft *f *P 

WfcSI*5y^X»±«*^*^tr5y^*al!CAL^ - ft*> A^©^T-e»I-t7 5 
v*7s *HMbH$&a*Ja±<DaKfc«*H- tLtf J: v^ Q MS-b 55?^iif*^i:0 
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arc* tt(i\ n$f ft Bfe-fkWJi * & - 1 s & ± «j k a immmi 
[0022] 

3 ft JSC J&* lb - 5 0 °C J0LT <D1TA* 1%.% 1" & O WI^' & "3 s - 7 0 V &TF <D&&* 

XWtBt&5 0vol. #C99vo 1 . %&J:©fcO*JBV»* <&o 

[0 0 2 3 ] 

•3 -eft < BMkWJS^jy^oiWfti^fflJIIfc ft * w^ftifefiKJ: "9 5 0 0 "CSv^iUKJslT 

Sftgf^tfiV^ Mxi£J¥£ 1000-3000 nmCO « - T;V 5 ?-Jf Sr^ft SSftT 
jl,:*^*A*#&fci&£H\ filtO. 5-5 OBf^m-fbW^mJKi IJll5V»fflJ9Pt?««f-rtL 

[0 0 2 4] 

jgjL-r x l < t± 3 %vxt, mm* t < a i %jtf?** - £;tp*i-&° ±ia^i» 
^^©^^(i^tLSontu ft^isw&fc^ib 

[0 0 2 5] 

sftfl-owfissraaaft^iHUMfi (tem) mm-tzztK*. 

^^^fft^*^0|S;fl-OJ?$(i5 0 - 1 0 0 nm<^IEH-e*&— ftff^ * j^R*** * o 
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*Mt«lKl£<fflV>fctfCV>a*3R'f (FIB) ^gK£s^T, intiSLfcan; 

A * ^f&N-OWflJfc^TV^ I^«-OT^^^-C«ipl 10-20;. m. f 50-1 OOn 

^^^Pp^i-^-^m^-^^mL-Cft^TOi-^^M-f *^««« (SIM) fcJ: 
«5 !Ttlt?*So HlfcWfcS IMiiF I B««fcftHtLT*s»K i©S IM«^:ioTiE 
?tmffU«^itMi-^^ i^tl, T EMU^^^T^ ^ ^OKfl-Wf ? 5 0-1 0 

[0 0 2 6] 

^gSSWffl*** 1 (nm) S^w (nm) fcLfcfc&fcj w 
W 2 0 n mJBUJtT?* ^)1^5 0 0 n m£l±?* *) J.o w/ 1 0 . 02a±i44^77 

[0 0 2 7] 

H s 12 K^Sfr&^&^fc^-r**-^ 2 a-2 etf 1 **??*^-? h 
o -5- Lt^-^ 9 y h £ov*T 1 . wl^'w/ 1 £:&#>fc2: wtf s 2 0 nm£l± 

"C* 0 ltf*5 0 0 nmJa±"C* *)R^>w/ 1 t) s 0. 0 2 L < »± 0 J OUsLtfc 

fc&^vy o S#-frfct±> z.(Dft$&*^1r&? y y ? 1 tt#5£ 

^?y^t&5o ift, w/l#0. 0 2JJ1±> ffiKiiO. oia±o^7^^- 
y h^<##Lfcv>»^fc»±*tf>#R**rrS*9 * * 1 9 y v> 

o - <D X 7 iftftE b&v> i fc ti^fcWJSo^MijfeaEaW^SWR*^*!* 

-OO^ttCov^fttOlf (-¥-#3 0 0 0 0 amOil) 1 OffiBfr, * L< t± 5 0 
ffijtf*«f?Lfcfc£fc«!S*3:h-*#£* 9 ltfi/:^W0. 2JilT 

, 0IL<I±O. 1IT, f y?JL<ti0. 05flLTt?*4ik*tl*t4offlU T 

^ na a**-*? i^ctiiLtfLi^*^ t <o x 3 •kWs'k i-mrn zfLzmmt*-??* 

[0 0 2 8] 

tttJfcft> BMbWJi * * ^ t ^ W# £ £ * +^ 
fcS&#1-*£fcj&nfrfB-?*«K f^^MtKfflKfffitl^o £tx.tf, 0. 1-10 
0«m, 1 ~ 5 0 jti m?)i{»i^*t^M^7 5 ^ ^ (#KSft3£if) 

^ «b * a > et&s^ > v > mm.\\>m- x ^ m^m^mvtz <o 

iHi^^iS<> -?"WfXtt^v^»fc^^o f/c 0. 1 — 1 0 0 ^ m> WM 

\z\t i - 1 o pm<onfcmm*ttzuiWto*-°? - * o&KStffcy^-tfA) 

[0 0 2 9] 

BIT. HJfiffiItJ:o-C^:3&eiSr$&^#JWtfi99-t*^ *5&KI±£*l IS 
[0 0 3 0] 
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g$50. 8mm. Il5 0. 8mm, f^O. 6 3 5mm«t\ Wl^Ra^O 
. 0 5 f xm\>XTX~$>2>mkT)\<<=-*7& : gM (tt^tf^^^iSH 1 5) «rft#7 5 
mm. 10 OmmcOA^-f -7 ^ X fc^Mf ^ 1" &ffiS.#IH^ (*5£^± 

aftTl:iItf:t, fi*^ 9 9. 9 9 9 9 5 %, ft£- 8 0 °C) -e3tffi«tfcL 

, ( 1 ©iillTtnOOtitML/; 3. 3 "C/55-) 

cti^fx (M 9 9. 9 9 9 %. m,s-8or) fcsK&i -cm^-*, -e-o 

[0 0 3 1 ] 

ttSSUS3^X2m, J|^P^^7-y-yi3X-S 6 0/8 0) £igAU 

itTsfcft* mnm \z»m t £ 0 k & r tt <^©jkir« k a*jy.fl-<&&# a 

[0 0 3 2] 

#yi/;Sffitftift7;^-7Aifi mn) t^^t, xasua^r (XRD) , 
sm^-Mit (sem) ^^ini^iti (tem) *m^x5s-m*tr^tzo 

[0 0 3 3 3 

^^HOV^TXmHIff^S (a^m«W*^tt»X«lEI*f$lilR I NT 1 2 0 0) * 

ffl t x r d ste *fr •? t £. ^> , o n*f ^° mm^mmm i±a-r^< 

i-X-Jb&ZttimmZtifZo 4*W5feli, ^X«Cu-K«», «=SEE4 0kV. fl 
14 0mA, g^X'j7 >0. 15mm, ^^nf*7'j7 H. 6 0 mmTfr o tz 0 
[0 0 3 4 ] 

[ S E M iZ X & Slllf] 
WMPt*-?^ K# y ^-Ct 5 mmX 5 mmtw-eDBf L/c^, BSHfcmSrJil* Lti 

h n * V y^ll J U C- 5 0 0 0) Irffi^TP t 3-7" 

4" y 7 L, F E - S E M ( s *m=?ft&:&tt2L7 4 - ;v Fx § '7 v 3 >-7%*^gI« J 
SM-6 4 0 0) tCT^WMcoffigl^fi 1 ofc 0 IlimMlIIil 5 kV, 7'n-/I 
15X10" 1 1 A, xvr>3^ffi8^A, ffif* 1 0 , 0 0 0 flf^frv^ 

^5owil, mmmz^MWLievtzo «^**@3i:, ^©^7^>^i4 

v?immZti*froK° temmm 0 0 0 0 nm«) 5 OffipJr 

n^^i nmitrnm^m-^^^tzt^h, ^ff£«we9 o o nm-e&o^o 

[0 0 3 5 ] 

c t e m \z x & mtmm <o m mmmi 

F E I ttllftlfSlill^W (TECNAI F2 0) CT, in&WJE 2 0 
0 kV, 7,*"7 ft^Xl, Gun L e n s 1, 2t%$^ 1 0 0 m"e«l^ L*r 0 fggfg 
f&3U± 5 0 0 0 O^KXW.iYMoMtm.iYM^y < v 9 o#®tt&otiff £trv>, 
^fciftS&Lfco JIMlft&¥*£EI 5 -€"OW 9^ h *0 6 t'TfC^o HI 5 ^7]N$tL^,#H 

a#^}iTOff$4 8 nm<7> r^^HKW V>«lft (») J «M,^tL/c 0 * 
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[0 0 3 6 ] 

C t e m k x & @M unco ira ^ fc* ^M^i) 

TOttf^3lNy>7ii (DAD 3 2 0) V^"Cl^4^f4OT^ fcjlT 
ilmm, i£5 0 fzm(D^^<DWm^Wf^> ^T4T4 •t^r^D^-ft^ 
tt^m^f ^-V^-A^fi (SMI 2 2 0 0) tC"C, BfBIS^^*^*PX*tro^o ftn 
llEi±^T3 0 kVtlroL (SIM) ^1S^#^0|^«M^ 

»?L&7^, IK 5 0//m^7 0 nmUftS^-eaHSrWBOUTto flf8!|-rs«*H±#fc"t? 
fciV, -^HI{i2 0,imfcLfco Mi-ra^sf*. ttttWfWOS iM«t-ci™^ 
t co — 'Iris (ft l m) i£S ^ *=«> 

[0 0 3 7 ] 
H*fef!l2 

g^ 5 0 8mm, ii>g5 0. 8mm, J¥£ 0. 6 3 5mm©«t\ $Ii$Ra^0 
OB^mara^iftT^^^Ait (ftS#li^^SSHl 5) *$mM 1 

* (««•) tov^, safe«ifcra»^xaiiii4ff (xrd) , &&mn=?m&m (sem 

) X.TfT&M.mHfrMWM (TEM) «rfflv>T^«f*tro^o ^colS*, X R Dilte OE«f 
^^->^^R|^O^tw*l±«-TA'^^^**ii:**?*®* : * 1 -^o *7t, SEMI: 
J:*££B«39M&**H7 ^i^08 (H7c0^9^h) TEMCUSftft 

»OHfM«S«f**ia9 (¥K) ^ J: VBI 10 (H9C0-f 9* h) C^to H7tC7^^tL 

tf»ofc a tt*©*© 0 0 0 0 nm©lt) 5 OffiPJf lCOV>"rRI»0«flS: 

o m<b^®coff${4TO-e3 6 0 0 nm-C*ofe 0 

[0 0 3 8] 
H»J3 

f $ 2 5 4 mm, 412 5. 4mm, U^ 0. 6 3 5mmOWt% $®§§Ra#0 

mi tmmwzm^i 4 0 o°c^T2 4f$wmttu 

[0 0 3 9] 

fftii^ilS EMSlif*?? ofcfc Mo 5 0lfi:i3V^#t^ 7^ 

iwiis^#T-m^m'fkMoifWTEMiia^^fi i o^fci^, 

fc ©MfiiCft 4 0 n mCOff$ C0^»»ISit«*-r^ - ^ ^J 0 ^ L*=<> 
[0 0 4 0] 

f §50. 8 mm, H50. 8mm, ?^ 0. 6 3 5mm©«tt v W^R a#0 
0 5 umVXTX&hmtTfr^-V&mL (^tt^^SSHl 5)_£l*l«7 5 
mm, fi$1100mm©A9>f f-fe55y^^t^frfit4A»»B^ (=f*^^ 

mSE#2 005-3010287 
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tt^e 1 rtCiXl, SI2 (l/^) <7)dry-a i r it 

ITtno Otl^Lfc (#MS : 3. 3°c/£-) o Mtt&y&J^i 2 0 0°C 

aM^-eSMfcU OTSMbM-fbT^^ -^A^^rtf^ (Jt»J2) 0 

[0 0 4 1 ] 

(xrd) , t^mw^iim (sem) RTfm&mm^BMm (tem) *^v>t^ 
< i--q&z>z. hifimm.^fitzo ttz, mnmcom^^itmm 1 oM^w-e 1500 

n m-C& (9 > Jfctfcfli 2 Of^jW^"? 1 8 0 0 0 n m^^o fc D £ Jfctfcfl! 1 
SEMti^iMMf 1 ^£^11112 (HllO'f?^b) Jfctfc 

j3&t&w, 1 Sffw/ lii> JfcWJ 1 ORttTliw= 1 2 0 nm, l=8 8 0 nm, w/ 
1=0. 1 »K JfctM*2 0«#-TS±w= 1 4 0 nm, 1 = 7 6 0 n m, w/ 1 = 0 

. 1 fft«W (##3 0 0 0 0 nm«) 5 0 Mffi K^>^xmU 

<Dmm*LfztZ.?>^ Jt««n:ov^li^f|"3 51, Jttt«2 i:ov»TH^tt3 8fl© 

(^Jfc) ^ J: trial 6 (@1 5©^7^f) fc, J£WJ2 oMOTEMHiSiSIi 
^^il 7 (M-M) & £ 1 8 (Ml 7 (Dj 7 X Y) KT^-fo m 1 5 RXf 1 7 $ 

[0 0 4 2 ] 

JtKfll 3 

I?50. 8mm, 115 0. 8 mm, S§ 0. 6 3 5mmO»t\ SMffi§Ra/i s 0 
. 0 5 ft maTT^^iftTi^ -^A2f« V ^tvlS H 1 5) trtf 7 5 

mm, 110 0mmOA7^ h 4r 9 5 y ^^^K^f ^t^S?Mil^ (#c3£fl-^ 
11^ b^v»X-;-i-^*->3cM) FACIAL, MM2 (\ /ft) Olf*^ (^19 
9 . 9 9 9 9 5 %, 8 0 °C) , fiH^T"? 1 2 0 0 Vt^M-ULfz : 

3. 3°C/t» c afe3K#3£iELE3&* 1 2 0 0°C^3tL/c«^|SMLT^^M*^^^}>1t®^ 

f?jh l, ft*? ^ tzmmnrx mm 99. 999%, n,£- sot:) 1 ( 1 /ft) t 

SS 4 r-^-*P L , #S&IB O^BSKt^f fc 7)V5-Wa^#/: ( »»3S« 3 . 3 °C /ft 

) o 

[0 0 4 3] 

ft* ©fife, ^i^m^^K^W^tt^o gU^Jftbfc«tft«H*:ffl^T, S»JK^3 

ISti, if^l. 2mmol/m 3 (0. 0 0 2 7 vol. %) 7X^1. 0m 

mo 1 /m 3 (0. 0 0 2 2 vol. %) t^o/;„ W^OfiJ5&*0. 5 mm o 1 /m 3 £ 

<b*L*o B***«EiI$-£*&«>T;a»fc 1 0 #31® Lfc h £ ^> -CffiJfX *##f Lfc t c\ 

£ m^-fl^ Rj£lSt^L/;tfx.?)^^iWtB?^o ft* 
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#M 2004-015882 



^-v: 11/ 



[0 0 4 4] 

(xrd) „ sfeaScfflw^SBiWK (sem) usi^im^Mts (tem) zm^xfrffi- 

/to 

[0 0 4 5] 

j&mw i 
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